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Clinical Utility of Multimodality LA Imaging
Assessment of Size, Function, and Structure
Andrew C. Y. To, MBCHB,* Scott D. Flamm, MD,*† Thomas H. Marwick, MD, PHD,*
llan L. Klein, MD*
leveland, Ohio
The reservoir, conduit, and contractile functions of the left atrium are integral to overall cardiac performance.
Recent advances in cardiac imaging offer the accurate assessment of LA phasic functions and structure, using
techniques such as 3-dimensional echocardiography, color tissue Doppler imaging, and speckle tracking, as
well as cardiac computed tomographyandmagnetic resonance imaging. Thesenewdevelopments arepartic-
ularly important in view of the increasing use of intervention involving the left atrium. This review article
highlights and contrasts the imaging of the size, mechanics, and structure of the left atrium using multiple
modalities. The authors discuss recent studies on the clinical applications of the various techniques in disease
conditions. (JAmCollCardiol Img2011;4:788–98)©2011by theAmericanCollegeofCardiologyFoundation, Oh
war
ips tThe left atrium (LA) plays an integral role in
cardiac performance by modulating left ven-
tricular (LV) filling with its reservoir, conduit,
and contractile functions (Fig. 1). The LA acts
as a volume sensor and barometer of diastolic
burden, and communicates with the neurohor-
monal systems via its secretion of natriuretic
peptides and its interactions with the sympathetic
nervous system and renin-angiotensin-
aldosterone systems. There is significant interplay
between LA and LV function, such that events
during each phase of “LA phasic function” are
affected by factors from both the LA and LV.
Recent advances in pulmonary vein isolation
for the treatment of atrial fibrillation have in-
creased the interest in accurately imaging LA
structure and function. With respect to the as-
sessment of the LA, 2-dimensional echocardiog-
raphy (2DE) and 3-dimensional echocardiogra-
phy (3DE), cardiac computed tomography (CT),
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have distinctly different strengths and weak-
nesses, and are complementary in specific clinical
scenarios. In this review, we discuss the role of
multimodality imaging to assess LA size, func-
tion, and structure, with an emphasis on the
relative merits of newer imaging techniques and
how these may be applied in the various clinical
settings. The main strengths and limitations for
each modality are summarized in Table 1.
LA Size
LA size increases with conditions of pressure
overload, such as mitral stenosis and increased
LV filling pressures, and conditions of volume
overload, such as mitral regurgitation, high
output states, shunts, and fistulae. LA size
reflects the average effect of LV filling pressures
over time (1), making it a useful marker of both
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789the chronicity and severity of LV diastolic dysfunc-
tion (2). Measuring the maximum LA volume at
the time of mitral valve opening is now routinely
performed with echocardiography, although it only
represents a snapshot of LA function at a specific
point of the cardiac cycle. Analogous to measuring
not only the LV end-diastolic volume, but also LV
end-systolic volume and hence, LV ejection frac-
tion, incremental prognostic information may be
obtained by assessing LA phasic volumes (maxi-
mum LA volume [LAmax], pre-atrial contraction
LA volume [LApreA], and minimum LA volume
[(LAmin]) and deriving LA stroke volumes (Table
2). Figure 1 summarizes the events that mark the
hases of LA functions and their relationship with
ther events in the cardiac cycle. Because of the
ignificant interplay between the LA and the LV,
he various determinants of LA phasic functions
eed to be considered when interpreting these
esults.
Echocardiography—beyond maximum LA volume.
Among the 3 modalities, echocardiography is most
suited to measuring phasic LA volumes because it
allows the assessment of individual LA function
components and furthers our understanding of LA
pathophysiology in various disease states. Eshoo et
al. (3) measured LA phasic volumes in hypertensive
patients using 2DE and found that the observed
LA dilation in hypertensive patients (increased
LAmax) was associated with augmentation of atrial
contractile function (increased active LA stroke
volume [LASV] and LA emptying fraction
[LAEF]), but no significant change in atrial con-
duit function.
Measurement of LA phasic volumes using 2DE
is time-consuming, and errors can arise from geo-
metric assumptions of biplane volume calculations,
as well as from difficulties with echocardiographic
window and the timing of various atrial events.
3DE, with automated border detection, shows
promise of improving this (4,5), due to the avail-
ability of the 3D dataset at different phases of the
cardiac cycle. Also, 3DE displays acceptable tem-
poral resolution, which is not easily achieved with
cardiac CT or CMR (Fig. 2). LA volumes derived
from 3DE show good agreement with CMR-
derived volumes (6), and have a lower test–retest
variability compared with 2DE (7) but tend to be
higher than 2DE LA volumes (8).
Using 3DE, the phenomenon of LA reverse
remodeling can be accurately documented, not only
by improvement in LA static volumes, but also in
LA phasic volumes and ejection fractions. Afterpulmonary vein isolation, atrial fibrillation patients
demonstrate improved LA reservoir and contractile
functions (total and active LAEF, respectively).
The recovery of atrial contractile function post-
ablation has been associated with a lower incidence
of atrial fibrillation recurrence (9,10). Future re-
search in the use of 3DE in monitoring LA phasic
function after atrial fibrillation ablation may inves-
tigate how specific parameters of atrial function
help determine the need for ongoing anticoagula-
tion. Also, 3DE may reveal how repeated ablations
exert deleterious effect on the various components
of LA function, at which point further ablations
may cease to improve overall cardiac efficiency.
In other clinical conditions, studies have
demonstrated the power of 3DE in analyz-
ing separate components of LA phasic vol-
umes. In a small study of patients who had
successful continuous positive airway pres-
sure therapy for obstructive sleep apnea,
there was an increase in LA passive ejection
fraction and decrease in LA active ejection
fraction, with no overall change in LAmax
(11). This illustrates that the improvement
in LA conduit function without overall
change in LA reservoir function reflects
improved LV diastolic function, rather than
changes in intrinsic LA function. Although
other studies investigated the changes in
LA phasic volumes by 3DE in condi-
tions such as mitral regurgitation (12),
hypertrophic cardiomyopathy (13), and
diastolic dysfunction (14), future studies
will have to be performed with the view
of demonstrating the incremental prog-
nostic value of these new parameters
over the conventional echocardiographic
measure of LAmax.
Cardiac CT—beyond pulmonary vein anato-
my. Cardiac CT acquires a 3D dataset
hat accurately depicts LA and pulmonary venous
natomy. As a result, cardiac CT has become the
nvestigation of choice before and after atrial fibril-
ation ablation in many centers (Fig. 3). In this
etting, its established utility includes:
Pre-ablation diagnosis of pulmonary venous
anatomy variations;
Image integration of the cardiac CT-derived
3D images of the LA and pulmonary veins
with the electrophysiologically acquired real-
time electroanatomical mapping data during
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790• Post-ablation diagnosis and surveillance of com-
plications such as pulmonary vein stenosis.
With the acquired 3D dataset, LA volumes can
be accurately measured using dedicated software
with either manual tracing or threshold-based au-
tomatic border detection (15–18). This has been
validated in comparative studies with both echocar-
diography (17) and CMR (18). Similar to echocar-
diography, LA remodeling after atrial fibrillation
ablation can be demonstrated by cardiac CT. The
post-ablation decrease in LA volume has been
shown to predict recurrence of atrial fibrillation
(19,20).
However, the routine use of cardiac CT solely for
the purpose of assessing atrial size and function
cannot be recommended, not only because of con-
cerns over radiation exposure and the use of iodin-
ated contrast in patients with renal impairment, but
also because of issues unique to cardiac CT data
acquisition. Traditionally, data acquisition is per-
formed with retrospective helical scanning proto-
cols, so that data are available throughout the
cardiac cycle for reconstruction. LA phasic vol-
LA Phasic Functions
(LA) phasic functions and their relationship with the cardiac cycle.
w, pulmonary venous inﬂow, and tissue Doppler imaging at the
ulus are shown. LA volume increases during the reservoir phase
um LA volume (LAmax), followed by 2 phases of emptying, con-
ontractile phases, with the LA volume decreasing to the pre-atrial
LA volume (LApreA) and then the minimum LA volume (LAmin).
ly, total LA stroke volume (LASV) can be divided into passive and
ponents. ECG  electrocardiogram.umes can be measured, although in practice, thepoor temporal resolution of CT (75 to 250 ms),
which is as much as 10 times less than 2DE, may
prevent accurate analysis. This is especially prob-
lematic for resolving the small difference between
LApreA and LAmin, a change in volume that
occurs within 1 PR interval of approximately 120
to 200 ms.
The increasing use of axial scanning protocols
with prospective electrocardiogram gating to mini-
mize radiation exposure means that data are only
acquired at a certain phase of the cardiac cycle,
usually set at mid-late ventricular diastole. As a
result, phasic LA volumes cannot be measured, and
the measured LA volume is different from the
conventional measurement of LAmax at end-
ventricular systole. Newer high-pitch helical pro-
spective protocols may acquire images from a range
of phases within a single cardiac cycle, rendering the
dataset no longer reflective of a specified phase of
the cardiac cycle.
CMR—beyond LV volume. CMR is the gold stan-
dard for measuring LV volumes and ejection frac-
tion (21). Similar to the technique for the LV, LA
size can be accurately measured with consecutive
multislice breath-hold acquisitions of the LA
using standard steady-state free precession se-
quences, followed by post-processing with either
manual tracing of the atrial wall or automated
border detection.
Studies have established normal ranges for LA
phasic volumes as well as for ejection fractions using
this method (22). The typical temporal resolution
of steady-state free precession sequences of
around 25 to 50 ms may not be as good as 2DE,
but is sufficient for this purpose. Studies in
patients with atrial fibrillation demonstrate
CMR’s ability to accurately document the
changes of LA phasic volumes and LAEF after
cardioversion (23) and pulmonary vein isolation
(24,25). LA reverse remodeling after pulmonary
vein isolation again has been associated with a
lower rate of recurrence post-procedure (25).
Head-to-head comparative studies with echocar-
diography have not been performed, although
both modalities are well suited for measuring LA
phasic volumes.
Some limitations unique to CMR are worth
considering with respect to measuring LA volume.
Acquisition of multislice image stacks to include
the LA increases both scanning and post-
processing times. The area-length method could
be used, similar to that in 2DE. However, geo-Figure 1.
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791the potential advantage of CMR over 2DE for
this purpose and is especially problematic for the
LA because of its complex 3D structure (26,27).
3D cine sequences could be designed but are intrin-
sically limited by the compromise between acquisi-
tion time, spatial and temporal resolution, and
signal quality. Alternatively, gadolinium-enhanced
magnetic resonance angiography can be used to
measure LA volume, but this technique averages
data through the cardiac cycle, so that differences in
LA phasic volumes cannot be resolved (28). Respi-
ratory navigator-gated electrocardiogram-gated
3D sequences obtain a 3D dataset of the LA with
high spatial resolution, although it acquires data
at a specific point of the cardiac cycle without the
Table 1. Relative Strengths and Weaknesses of Various Imaging
Echocardiograph
Technical considerations
Temporal resolution* 2D  10–20 ms
3D  50–75 ms
TDI  5–10 ms
Speckle  10–20 ms
Spatial resolution* 2D  0.5–1 mm
3D  1–2 mm
Limitation with imaging window Yes
True 3D dataset Only with 3D
Real-time imaging 
Tissue characterization 
Availability 
Typical scan duration, min 30
Cost Low
Safety Contrast
Usefulness in the assessment of
the left atrium
LA size
Static 
Phasic 
LA mechanics 
LA structure 
Current indications First-line diagnostic evaluatio
follow-up
Potential indications Serial monitoring of LA phas
Detailed functional assessme
phasic function
Values given here are approximations from commonly used techniques. *The a
  may be useful in selected clinical scenarios, but with signiﬁcant limitations
in clinical practice;   major limitation in the modality, making it difﬁcult to
CT  computed tomography; LA  left atrium; TDI  tissue Doppler imaging.ability to measure LA phasic volumes.LAMyocardial Mechanics
The study of LA myocardial mechanics is an
emerging field that may provide new methods of
accurately assessing LA phasic function. These
techniques are under active research and have not
been adopted in routine clinical practice. How-
ever, LA appendage emptying velocity by pulse
Doppler is a commonly used measure of LA
appendage mechanical function to predict the risk
of atrial fibrillation recurrence post-cardioversion and
the risk of future thromboembolism.
The requirement of measuring blood flow, tissue
velocity, and tissue deformation with excellent tem-
poral and spatial resolution makes echocardiogra-
dalities in the Evaluation of the LA
Cardiac CT CMR
75–250 ms 25–50 ms
0.5–2 mm 1–2 mm
No No
Yes Selected sequences only
 
 
 
10 30–50
Moderate High
Radiation risk
Iodinated contrast
Gadolinium contrast and re
Contraindications with pac
deﬁbrillators
Hemodynamically stable pa
 
 
 
 
nd Accurate 3D dataset for
electroanatomic
mapping
Diagnosis and follow-up of
pulmonary vein stenosis
Diagnostic evaluation and
with poor echocardiogra
Accurate 3D dataset for ele
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radiation risk
olumes
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Characterization of post atr
ablation scarring
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792limited for studying myocardial mechanics espe-
cially in prospectively gated studies, and CMR also
has significant limitations in this regard.
Conventional Doppler parameters of pulmonary
venous inflow, transmitral flow, and mitral annular
tissue velocity provide insight into LA mechanics. For
instance, the pulmonary venous S, D, and A reversal
waves correspond to LA reservoir, conduit, and con-
tractile phases of the cardiac cycle, respectively. These
parameters are not completely specific for LA me-
chanical function, but are affected by both LV diastolic
and systolic performance. Nevertheless, multiple stud-
ies have documented changes in A-wave velocity and
a= in patients with atrial fibrillation following cardio-
ersion or ablation as indicators of the initial deterio-
ation and subsequent recovery of atrial contractile
unction (29–32). Although mitral A-wave velocity
as been shown to predict atrial fibrillation recurrence
fter cardioversion (33), prognostic studies are sparse
n this setting.
Strain imaging of the LA—how should this technique
be adopted? Analogous to assessing LV mechanics
by strain () and strain rate (SR) imaging, measures
of myocardial deformation have been increasingly
Figure 2. The Use of 3D Echocardiography in Measuring LA Pha
Post-processing of the 3-dimensional (3D) dataset (A and B) permit
lumes and Their Determinants
LA Reservoir Function L
Total LASV  LAmax  LAmin Passive
Total LAEF  total LASV/LAmax Passive
LA expansion index  total LASV/LAmin
LA active relaxation
LA compliance
LA comp
LV systolic function with apical displacement
of mitral annulus
Propagation of right ventricular pulse pressure
through the pulmonary circulation
Right ventricular stroke volume
LV relax
Mechan
mitra
eft atrial ejection fraction; LAmax  maximum left atrial volume; LAmin  minimustroke volume (C). Abbreviations as in Figure 1.adapted to study LA mechanics. Thomas and Popovic
summarized the physics and clinical applications of
LV strain imaging in a review article (34). Strain can
be loosely defined as the change of dimension relative
to the initial dimension, and SR is given by the
instantaneous rate by which such change occurs.
Negative strain occurs when myocardium contracts,
and positive strain occurs when it lengthens.
Both echocardiographic methods of measuring
strain and SR, 2-dimensional (2D) speckle tracking
imaging (35–38) and color tissue Doppler imaging
(39–42), have been adapted to measuring LA
deformation. Speckle tracking calculates strain by
tracking tissue deformation via characteristic myo-
cardial speckles frame-by-frame, with SR given by
the rate of such deformation. Color tissue Doppler
imaging generates a spatial map of myocardial
velocities, from which SR of the region of interest is
derived, with strain calculated by integrating the SR
data.
Typical LA strain and SR tracings by 2D speckle
tracking and color tissue Doppler imaging are
shown in Figures 4 and 5, respectively. In both
methods, different measures of myocardial defor-
Volumes
e accurate calculation of the total, passive, and active left atrial
onduit Function LA Contractile Function
 LAmax  LApreA Active LASV  LApreA  LAmin
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793mation, tissue velocity (V), , and SR can be derived
t the 3 respective phases of the LA phasic cycle.
ere, nomenclature becomes confusing, especially
hen LA strain and SR measurements are often
abeled according to events of the LV, rather than
vents of the LA, because of resemblance with other
oppler parameters. A more consistent approach is
utlined in Table 3. For V and SR, the “positive”
hase corresponds to atrial filling, as myocardial
engthening corresponds to positive strain. The 2
tages of passive and active atrial emptying, are repre-
ented by “early negative” and “late negative,” respec-
ively. For strain timed to the start of the P-wave
atrial systole), active LA contraction is represented by
he “negative” strain, whereas overall LA reservoir
unction is represented by “total” strain, the sum of
train components when the LA fills from the mini-
um LA volume to the maximum LA volume.
The advantage of analyzing LA myocardial me-
hanics with strain and SR imaging is the informa-
ion that can be obtained about each component of
A phasic function. One could use this method to
esolve the exact change in LA phasic function with
ifferent disease states and investigate the effect
fter treatment. Research in this field remains
parse but shows promise. In patients with atrial
brillation undergoing cardioversion, indices of
trial active contraction (Vlate neg and SRlate neg)
initially deteriorate but subsequently recover
(43,44). Interestingly, a study of patients with atrial
fibrillation undergoing atrial fibrillation ablation
showed that the best predictors for maintenance of
sinus rhythm were parameters of LA reservoir
function (total, SRpos) rather than LA contractile
unction (neg, SRlate neg) (45). Maintenance of sinus
hythm after cardioversion is also predicted by LA
eservoir function (46). In a study of idiopathic and
schemic cardiomyopathy, LA reservoir function
total) predicted a positive response to cardiac resyn-
chronization therapy, although, of note, this study did
not report strain and SR data for the other phases of
LA functions, so the power of the various parameters
cannot be compared fully (47). These studies highlight
the prognostic power of new parameters and illustrate the
importance and potential utility of considering each
component in LA phasic functions separately. Further
studies should clarify how best to interpret the data
representing each stage and which ones have the best
predictive power to alter clinical management.
The challenges with adapting strain imaging to the
LA are somewhat similar to the ones applicable to the
LV. One of the major difficulties is how best to
present and summarize the vast numbers of parame-ters that are generated from the analysis of LA
myocardial mechanics. Future studies will have to
investigate the relative usefulness of various parame-
ters in different disease conditions and concentrate on
those with incremental diagnostic and prognostic
value. Utility and value need to be proven before new
techniques such as strain imaging can be adopted in
routine clinical practice.
Unique challenges with LA strain imaging are due
to the physiological differences between the LA and
LV, so that reliability of such analysis may be subop-
timal. Issues include the thinner LA wall, the complex
LA motion during the cardiac cycle, regional LA
differences in contraction (e.g., septum vs. lateral wall
vs. near the pulmonary veins), higher signal noise from
Figure 3. CT Assessment of Pulmonary Veins Pre- and Post-Pulmo
(A) Volume-rendered image of the left atrium (LA) viewing posterio
3-dimensional dataset acquired by cardiac computed tomography (
commonly used for pre-ablation image integration with electroanat
volume can also be measured with dedicated software and thresho
border detection. In this particular example, the right middle pulmo
arrow) drains directly and separately into the left atrium, which is a
(B to E) Multiplanar reconstruction images of a 67-year-old patient
ﬁbrillation ablation, demonstrating severe left inferior pulmonary ve
subsequently stented (red arrow). Axial projections (B,C), and sagit
are shown. Post-stent images are shown in C and E. LIPV  left inf
LSPV  left superior pulmonary vein; RIPV  right inferior pulmona
RMPV  right middle pulmonary vein; RSPV  right superior pulmonary Vein Isolation
rly, with the
CT). This technique is
omical mapping. LA
ld-based automatic
nary vein (white
common variant.
3 months after atrial
in stenosis that was
tal projections (D,E)
erior pulmonary vein;
ry vein;surrounding structures, and the location of the LA in
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794the far field of transthoracic echocardiogram. Current
image analysis packages, which are validated only for
the LV, will certainly require further optimization
(48). Comparing 2D speckle tracking and color tissue
Doppler imaging in LA analysis, 2D speckle tracking
has the advantage of being angle independent, making
strain measurements in walls not parallel to the ultra-
sound beam more reliable. However, the lower frame
rate of 2D speckle tracking limits the temporal reso-
lution of such analysis and is a more relevant issue for
the LA than the LV because of poorer signal from
LA, as discussed in the previous text.
LA Structure—Scar Imaging
The ability of CMR in tissue characterization and
scar imaging with late gadolinium enhancement
(LGE) is unique amongst the 3 imaging modalities
discussed. There are emerging data for the nonin-
vasive assessment of the location and extent of LA
scarring following atrial fibrillation ablation, which
is the most applicable clinical scenario for imaging
LA structure. Techniques extend from the routinely
used 2D inversion recovery gradient echo sequences
following administration of gadolinium to 3D re-
spiratory navigator-gated inversion recovery gradi-
ent echo sequences, which obtain a 3D dataset of
Figure 4. LA Strain Analysis by Speckle Tracking
Speckle tracking–derived LA global strain () and strain rate (SR) (le
neg  negative; pos  positive; other abbreviations as in Figure 1.the entire LA over several minutes (Fig. 6).Studies of LA scar imaging in patients undergoing
atrial fibrillation ablation have made several interesting
observations. In general, there is good correlation
between LGE and ablation sites from electroanatomic
mapping data (49,50). However, in 1 study, 20% of
intended ablation sites showed no evidence of LGE
(49), suggesting that current ablation techniques may
not be as effective as hoped. The completeness of
circumferential pulmonary vein lesions and the total
extent of LA scarring (50–53) were found to be
predictive of atrial fibrillation recurrence.
The ability to image LA scarring post-ablation
has immense implications for both the understand-
ing of the pathophysiology of atrial fibrillation
recurrence post-ablation and the refinement in ab-
lation techniques. For instance, image integration
with electroanatomical mapping data may enable
targeted atrial ablation during redo-procedures.
Studying patients with recurrence may also identify
areas of the LA where it is most difficult to attain
sufficient LA scar to achieve satisfactory electrical
isolation. Alternatively, if one shows that atrial
fibrillation recurrence is more closely correlated
with the total extent of LA scarring rather than the
location of scarring, it may support the alternative
concept of “atrial debulking” in preventing atrial
with the accompanying schematic diagram (right), are shown.
roduced with permission from Saraiva et al. (35).ft),fibrillation recurrence, in which case, the current
tart
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795focus of ablating the pulmonary vein ostia may have
to be expanded to include more atrial tissues.
The major challenge of LA scar imaging with LGE
remains that of spatial resolution. Autopsy studies
showed that where the LA wall is the thinnest in the
superior posterior aspect, mean LA transmural thick-
ness (including epicardium and endocardium) mea-
sures 2.2 to 2.5 mm, and mean LA myocardial
thickness measures 1.7 to 1.9 mm (54). LA wall
thickness may also be less in those in chronic atrial
fibrillation (55). The currently used 3D respiratory
Figure 5. LA Strain Analysis of the Mid-Lateral Wall by Color Tissu
The imaging shows the velocity (V) (A), strain rate (B), and strain (C and D
curves according to the different phases in the cardiac cycle. The strain an
the strain analysis on the bottom right (D) was performed, timed to the s
Table 3. Tissue Velocity, Strain, and Strain Rate Parameters of t
LA Reservoir Function
Preferred N
Events in the LA Atrial Filling
V Vpos
SR SRpos
 total
Alternative Nomenclature,
Events in the LV Ventricular Systole
V Vs
SR SRs
 s
a  atrial; d  diastolic; early neg  early negative; LA  left atrium; late neg
V  velocity;   strain.navigator-gated sequences have a spatial resolution of
1 to 2 mm (50–53). This suggests that the current
spatial resolution of LGE imaging may have signifi-
cant partial volume effects and not be sufficient to
demonstrate LA wall scar reliably. Further studies are
needed to validate and improve this technique.
Current Status and Future Directions
In this review, the assessment of LA size, myocar-
dial mechanics, and structure by echocardiography,
oppler Imaging
rves. Various peaks can be identiﬁed from the velocity and strain rate
s on the bottom left (C) was timed to the start of atrial systole, whereas
of ventricular systole. Abbreviations as in Figure 4.
LA
LA Conduit Function LA Contractile Function
enclature
Passive Atrial Emptying Active Atrial Systole
Vearly neg Vlate neg
SRearly neg SRlate neg
pos neg
ed After Events in the LV
ntricular Early Diastole Ventricular Late Diastole
Ve Va
SRe SRa
e a
te negative; LV  left ventricle; pos  positive; s  systolic; SR  strain rate;e D
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alysihe
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796cardiac CT, and CMR are highlighted and con-
trasted. Assessing the LA is more challenging than
the LV because of the complex physiology with the
complementary interplay between LA and LV
function, and hence, the numerous extrinsic and
intrinsic factors that affect the various measure-
ments of LA size and function.
Echocardiography remains the investigation of
choice because of the wide availability. Dedicated
LA function scans with newer echocardiographic
techniques such as 3DE and strain imaging remain
in the realm of active research, but potentially
provide valuable information on both LA size and
myocardial mechanics. Future studies will demon-
strate how these parameters can be applied clinically
in patients undergoing LA interventions such as
catheter ablation, where it is prudent to monitor the
effect of such intervention on LA phasic functions,
and to understand how such alterations to LA
function affect management decisions such as anti-
coagulation and redo procedures.
Cardiac CT remains the gold standard in obtaining
a 3D dataset for image integration in electrophysiol-
ogy procedures pre-atrial fibrillation ablation and in
diagnosing complications from ablation such as pul-
monary vein stenosis. Its more widespread application
in studying LA size and function is largely limited by
radiation exposure, which certainly prohibits its use in
repeated routine follow-ups.
Currently, CMR is the least commonly per-
Figure 6. Two-Dimensional Inversion Recovery Gradient Echo S
Horizontal long-axis view (A) and 4-chambered view (B) images sho
cating scarring (red arrows). Electrophysiology mapping study revegreat promise. Its ability to visualize the anatomy of
the LA and assess function at an acceptable tem-
poral resolution, combined with its unique ability of
LA scar imaging makes CMR particularly useful for
patients undergoing atrial fibrillation ablation. Fur-
ther refinements in acquisition sequences are likely
to improve image quality and make this technique
applicable for more clinical indications.
In the era of cost containment, the use of multi-
modality imaging should concentrate on understand-
ing specific clinical scenarios and comparing the rela-
tive strengths and limitations of each modality so that
the best modality is chosen to answer specific clinical
questions. Dedicated advanced LA imaging is mainly
required in scenarios such as atrial fibrillation, espe-
cially in pre- and post-ablation patients where altera-
tions in LA function are expected. In imaging studies
performed for other conditions such as congestive
heart failure and valvular heart disease where the LA
is not the primary focus, refinement in advanced LA
imaging may also provide new parameters with incre-
mental prognostic information over existing tech-
niques and ultimately improve management.
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